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| NTRODUCTI ON

Most new desi gns for nechani cal fans and punps use Vari abl e
Frequency Drive (VFD) notor controllers to achieve better energy
efficiency. The current guide specification for Electrical Wrk,
Interior, CEGS-16415, does not address this equipnment. This
paper provides a sanple specification for VFD s which may be
inserted into paragraph 3.14, Mditor Control, of CEGS-16415. The
specification is based on input fromthree nmaj or manufacturers:
ABB, Allen-Bradley, and Square D.

SUGGESTED SPECI FI CATI ON
3.14.1 Vari abl e Frequency Drive
3.14.1.1 Scope of work

This section provides specification requirenents for variable
frequency drives (VF Drives) for use with NEMA B [ NEMA D, NEMA A,
______ , Synchronous] design AC squirrel cage induction notors.
The Contractor shall provide the follow ng: a) provide the
Contracting officer with the VF Drive manufacturer’s witten
concurrence that the output of the Drive is conpatible with the
desi gn and construction of the associated notor to be supplied by
the Drive; b) a VF Drive manufacturer’s representative to field
test, adjust and certify all installed VF Drives for satisfactory
operation with nmotor |oad running under all design conditions.

3.14.1.2 Warranty

Provide a 3-year parts warranty, on materials and workmanshi p,
and 1l-year |abor warranty fromthe date of field certification by
manuf acturer’s representative of satisfactory operation. The

manufacturer’s turn around period to repair or replace the VF
Drive shall be no nore than 48 hours.

3.14.1.3 Quality Assurance

The manufacturer of the VF Drive shall be a certified | SO 9001



facility. The VF Drive and all associ ated optional equi pnment
shall be UL |isted according to Power Conversion Equi pnment UL
508C. A UL | abel shall be attached inside each encl osure as
verification. Every Power Converter (a conponent of the VF Drive)
shall be tested with an actual AC Induction Mtor 100% | oaded and
tenperature cycled to the full range of the VF Drive. Al VF
Drive door nounted pilot devices shall be tested to verify
successful operation. The VF Drive shall be submtted to a

H -Pot test with all encl osed devices nounted and wired, prior to
shi pment. Docunentation shall be furnished to verify successfu
conpletion of all the above, upon request of the Contracting

O ficer.

3.14.1.4 Ceneral Description

Al ternate control techni ques other than pul se wi dth nodul at ed
(PWW are not acceptable. The VF Drive shall convert the input AC
mai ns power to an adjustable frequency and voltage as defined in
the foll owm ng sub-paragraphs. The input power section shal
utilize a full wave bridge design incorporating diode rectifiers
(SCR s may be incorporated at 40 horsepower and above). The
diode rectifiers shall convert fixed voltage and frequency, AC
line power to fixed DC voltage. This power section shall be
insensitive to phase rotation of the ACline. The DC bus shal
have external connections for standby battery back-up or for
linking multiple VF Drives with DC buses for managenent of
regeneration power. The output power section shall change fixed
DC voltage to adjustable frequency AC voltage. This section
shall utilize Insulated Gate Bi polar Transistors (I GBTs) or
Intelligent Power Mddules (IPMs) as required by the current
rating of the notor.

3.14.1.5 Construction

A The VF Drive shall be nmounted in a NEMA 1 [ NEMA 12]
enclosure with [without] an external operated di sconnect device.
A nmechani cal interlock shall prevent an operator from opening the
VF Drive door when the disconnect is in the on position. Another
mechani cal interlock shall prevent an operator from placing the
di sconnect in the on position while the VF Drive door is open.

It shall be possible for authorized personnel to defeat these

i nterl ocks.

B. Provi sions shall be provided for |ocking all disconnects in
the off position with up to three padl ocks.

C. Current limting fuses shall be installed and wired to the
AC Drive input.



D. Provi sions shall be nmade for accepting a padlock to |ock the
VF Drive encl osure door.

3.14.1.6 Mtor Data
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The VF Drive should al ways be sized per the notor’s maxi num
current requirenents under breakaway torque denmands, since the
maxi mum demands pl aced on the notor by its connected | oad al so
must be nmet by the VF Drive. To control nore than one notor from
a VF Drive, calculate the total peak currents of all notor | oads
under the worst operating conditions. Then size the Drive based
on this maxi mumcurrent requirenment. Wen a VF Drive is used,
the notor speed is reduced (intentionally) and nore heat is
generated in the notor, wth | ess capability to dissipate the
heat. Therefore, to provide additional thermal capacity to the
not or add the follow ng sentence to the MOTORS paragraph: "Mtors
connected to VF Drives shall have a 1.15 service factor, but the
connected | oad shall be sized to not exceed the 1.0 service
factor of the nmotor. Provide notor w nding thermal sensing
thermstors (PTC) in notors to be connected to VF Drives."
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The contractor shall ultimately be responsi ble for obtaining al
necessary notor(s) technical data fromthe notor or equi pnent
manuf acturer, to properly size the VF Drive. The VF Drive shal
be sized per the notor’s maxi num current requirenments under
breakaway torque demands, not per the notor horsepower rating.
Size the Drive to operate the AC notor(s) of the foll ow ng

equi pnent :

1. Equi prent Nanme: |
dr awi ngs.

Mot or Horsepower: [ ], or as provided by the manufacturer

Mot or maxi mum current at breakaway torque: [__ Anps], unless
ot herw se i ndi cated by manufacturer.

Motor full | oad anperes: [ Anps], or as provided by the
manuf act urer.

Mot or RPM 1800 @ 60Hz, unl ess ot herw se indicated.

Mot or vol tage: 460V [ ]

Mot or service factor: 1.15

], shown on Mechani cal and El ectri cal

[2. Equipment Nanme: [_ ], shown on Mechanical and El ectrica
dr awi ngs.

Mot or Hor sepower: as provided by the manufacturer.

Mot or maxi mum current at breakaway torque: [__ Anps], unless
ot herwi se i ndi cated by manufacturer.

Motor full | oad anperes: [ Anps], or as provided by the



manuf act urer.
Mot or RPM 1800 @ 60Hz, unl ess ot herw se i ndi cat ed.
Mot or vol tage: 460V [ ]
Mot or service factor: 1.15

3.14.1.7 Application Data
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Vari abl e Torque notors are used to operate fans and centri fugal
punps; Constant Torque notors are used on conveyors, positive
di spl acenent punps, and conpressors; Constant horsepower notors
are used on machi ne tools and w nches.
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The VF Drive shall be sized to operate a [Variable Torque,

Vari abl e Torque Low Noi se, Constant Torque, Constant Horsepower,
| npact] | oad. The speed range shall be froma m ni mum speed of
0.5 Hertz to a maxi num speed of 400 Hertz.

3.14.1.8 Environnental Ratings

A The VF Drive shall be of construction that allows operation
in a pollution Degree 2 environnent, mninmm

B. The VF Drive shall be designed to operate in an anbi ent
tenperature fromO to + 40 degrees C (+32 to 104 degrees F).

C. The storage tenperature range shall be -25 to +70 degrees C
(-13 to 158 degrees F). The maximumrel ative humdity shall be
95% at 40 degrees C, non-condensi ng.

D. The VF Drive shall be rated to operate at altitudes |ess
than or equal to 3,300 ft(1000m. For altitudes above 3,300 ft,
de-rate the VF Drive by 1.2%for every 300 ft (100m

3.14.1.9 Ratings

A The VF Drive shall be designed to operate from an i nput
vol tage of 400 to 460 VAC + 10% or 208 to 240 VAC £+ 10% OQut put
vol tage shall be O to maxi num vol tage, equal to input line
vol t age.

B. The VF Drive shall operate froman input voltage frequency
range from47.5 to 63 Hertz.

C. The di spl acenent power factor shall not be | ess than .95
| aggi ng under any speed or | oad condition.



D. The efficiency of the VF Drive shall not be |less than 96% at
100% speed and | oad.

E. The overload current rating for variable torque (VT) shal
be m nimum 110% for 1 mnute; for constant torque (CT) shall be
150% for 1 mnute.

F. The output carrier frequency of the VF Drive shall be

sel ectable at steps of 2kHz up to 10kHz for A frame; 8kHz for B
frame; and 6kHz for C frame, depending on VF Drive rating for |ow
noi se operation. No VF Drive with an operable carrier frequency
above 10 kHz shall be allowed. O, the VF Drive shall have a
switching frequency dependent on load in the 2 to 4 kHz range

wi thout a fixed carrier.

G The output frequency shall be fromO0.1 to 400 Hertz for VF
Drives up to 75 HP. At horsepowers above 75 HP, the maxi num
out put frequency will be 200 Hertz.

H. The VF Drive will be able to develop rated notor torque at
0.5 Hertz (60 Hz base), or at zero base, in a Sensorless Flux
Vector node using a standard induction notor w thout an encoder
f eedback si gnal

| . For notor thermal protection function when the notor is
operating at slow speed for extended tines, the VF Drive shal
have a protection function that detects notor overtenperature by
wiring a notor thermstor (PTC) to a +24VDC voltage supply in the
Drive. The VF Drive shall stop the notor and give a fault
indication if the PTCs indicate notor overtenperature.

3.14.1.10 Protection

A Upon power-up the VF Drive shall automatically test for
valid operation of nmenory, option nodule, |oss of anal og
reference input, |loss of comunication, [dynam c brake failure,]
DC to DC power supply, control power and the pre-charge circuit.

B. The VF Drive shall be UL 508C listed for use on distribution
systens with [10, 000A RVS][ 22, 000A RMS] [ 65, 000A RVS] avail abl e
fault current. The Power Converter shall neet short circuit
withstand ability of 65,000 RMS symretrical anperes as defined by
NEMVA ICS 7.1.09 and have the value listed on the VF Drive
namepl at e.

C. The Power Converter shall be protected agai nst short
circuits, between output phases and ground; and between the |ogic
and anal og control outputs.



D. The VF drive shall have a m ni mum AC undervol tage power | oss
ride-through of 200 nsec. The VF drive shall have the user
defined option of frequency fold-back to allow notor torque
production to continue to increase the duration of the powerl oss
ride-through.

E. The VF drive shall have a selectable ride through function
which will allowthe logic to maintain control for a m ni num of
one second w thout faulting.

F. For a fault condition other than a ground fault, short
circuit or internal fault, an auto restart function wll provide
up to 5 programmable restart attenpts. The programable tine
del ay before restart attenpts will range from1l second to 30
seconds, m ni num

G The decel eration node of the VF Drive shall be programmabl e
for normal and fault conditions. The stop nodes shall be
free-wheel stop (coast to stop), DC injection brake, Ranp-to-

St op/ Hol d.

H. Upon | oss of the anal og process foll ower reference signal,
the VF Drive shall be User programmable to do the foll ow ng:
Fault and stop; Alarmand maintain |ast reference (wthin 10%;
Alarm and go to preset speed, which would be progranmed to be
m ni mum speed or maxi num speed.

| . Mot or overl oad protection: The VF Drive shall have solid
state 12t protection that is UL listed and neets UL 508C as a

Cl ass 10 overload protection. The m ni num adj ust nent range shal
be from.45 to 1.05 percent of the current output of the VF
Drive.

J. The VF Drive shall provide a notor phase |oss function that
monitors the status of the notor cable connection. During
startup, if any of the notor phases are not connected the Drive
shall refuse to start. The Drive shall have a user defined
operation, during notor phase |oss, of either a fault indication
and stop, or no reaction.

K. The VF Drive shall have a thermal switch with a user

sel ectable prealarmthat will provide a m nimum of 60 seconds
del ay before overtenperature fault. O, the Drive shall provide
access to the heatsink tenperature paraneter such that the user
can nonitor it.

L. The VF Drive shall be provided with cooling air fan(s)
and/or may utilize bonded or cast fin heatsink construction for



maxi mum heat transfer. The cooling air nust be clean and free
fromcorrosive materi al s.

M The VF Drive shall have a progranmabl e fol d-back function
that will anticipate a controller overload condition and fold
back the frequency to avoid a fault condition.

N. The out put frequency shall be software enabled to fold back
when the notor is overloaded. There shall be 3 skip frequency
ranges that can each be programmed with a sel ectabl e bandw dt h of
2 or 5 Hz. The skip frequencies shall be programred

i ndependently, back to back or overl appi ng.

O The VF Drive shall include phase to phase and phase to
ground transient voltage surge protection wired to the incom ng
AC mai ns.

3.14.1.10 Factory Settings, Field Adjustnments and Configurations

A The VF Drive shall self-configure to the main operating
supply voltage and frequency. No operator adjustnents shall be
required. The VF Drive shall be insensitive to incom ng power
phase sequence.

B. The VF Drive shall be capable of determ ning the speed and
direction of a spinning notor and adjusting its output to engage
the notor at the rotating speed.

C. Upon power-up, the VFD will automatically send a signal to
t he connected notor and store the resulting resistance data into
menory. The inductance data will be measured during no-I|oad
operati on when operating at a frequency between 20-60 Hz. The
VFD wi |l automatically optim ze the operating characteristics
according to the stored data.

D. The VF drive will be factory pre-set to operate nost common
appl i cations.

E. A choice of three types of acceleration and decel eration
ranps wll be available in the AC Drive software; Linear, S
curve, and U curve (or Linear, Sl1 curve, S2 curve, and S3 curve).

F. The accel eration and decel eration ranp tines shall be
adj ustable from.1 to 999.9 seconds.

G The volts per frequency (V/Hz) ratios shall be user
sel ectable to neet variable torque |oads, normal and high torque
machi ne applications.



H. The Drive shall retain and record operating frequency, Drive
status, power node, and fault type of the past 4 faults, m ninum
Information shall be maintained in nenory in the event of a power
| oss.

| . Slip conpensation shall be a software enabl ed function, if
required.

J. The software shall have a No Load function that will reduce
the voltage to the notor when selected for variable torque | oads.
A constant Volts/Hz ratio will be maintained during accel erati on.
The output voltage will then automatically adjust to neet the
torque requirenment of the | oad.

K. The AC drive shall offer programmuable DC injection braking
that will brake the AC notor by injecting DC current and creating
a stationary nagnetic pole in the stator. The |evel of current

w || be adjustable between 50-150% of rated current and avail abl e
from 0. 0-30 seconds continuously. For continuous operation after
30 seconds, the current shall be automatically reduced to 50% of
t he nanepl ate current of the notor.

L. Sequencing logic will coordinate the engage and rel ease

t hreshol ds and tine delays for the sequencing of the VFD output,
mechani cal actuation and DC i njection braking in order

to acconplish snooth starting and stopping of a nechanica
process. Tinme delay can be an external option.

3.14.1.11 Operator Interface Term nal

A The operator interface termnal will offer the nodification
of VFD adjustnents via a touch keypad. All electrical values,
configuration paraneters, |/O assignnents, application and
activity function access, faults, local control, adjustnent
storage, self-test and diagnostics wll be in plain English.

B. The display will be a high resolution, LCD backlighted
screen capabl e of displaying operating paraneters in percentages,
and al phanuneric characters.

C. The VFD nodel nunber, torque type, software revision nunber,
hor sepower, output current, notor frequency and notor voltage
shall all be listed on the drive identification display as viewed
on the LCD displ ay.

D. The display shall be configured to display nuneric data that
is selectable and scal able by the operator. A user defined | abel
function shall be available. As a mnimmthe sel ectable outputs



shal | consi st of speed reference, output frequency, output
current, notor torque, output power, output voltage, line

vol tage, DC voltage, notor thermal state, drive thermal state,
el apsed tine, notor speed, machi ne speed reference and nachi ne
speed.

E. A single keystroke scrolling function shall allow dynam c
swi t chi ng between di splay vari abl es.

F. The term nal keypad w |l consist of predefined nenus or
programmabl e function keys. The functions will allow both
predefi ned nmenus or operating commands and programm ng options to
be preset by the operator. A hardware selector switch or
programed password will allow the term nal keypad to be | ocked
out from unaut hori zed personnel .

G The operator termnal will offer a general nenu consisting
of parameter setting, 1/O map, fault history, and drive
configuration. A software lock will limt access to the main
menu. The main nmenu will consist of keypad configuration, drive
configuration, general configuration, diagnostic node and drive
initialization screens.

H. There will be arrow keys that will provide the ability to
scroll through nmenus and screens, select or activate functions or
i ncrease the value of a selected paraneter

l. A data entry key will allow the user to confirma sel ected
menu, nuneric value or allow selection between nultiple choices.

J. An escape key wll allow a paraneter to return the existing
value if adjustnent is not required and the value is displayed.
The escape function will also return to a previous nenu di spl ay.

K. A RUN key and a STOP key wll command a nornmal starting and
stoppi ng as programed when the VFD is in keypad control node.
Local STOP is not active in the renote control node. Keypad wl|
first have to be placed on |ocal control node for the VFD to be
st opped | ocal ly.

L. The VFD shall conme with 3 LEDs nounted on the front panel to
i ndicate functional status. A Geen LEDwII| verify that the VFD
power supply is ON. A Red LED indicator will indicate an VFD
FAULT. A Yellow LED indicator will designate a PEND NG FAULT
condi tion.

M A user interface shall be available that is a Wndows 3.1
based personal conputer, serial conmunication |ink or detachable



operator interface.

N. The Keypad and all door nmounted controls shall be Type 1
[ Type 12] rated.

O Al'l adjustments made on the user interface shall be stored
in nonvolatile menory. The user interface shall provide nenory
for factory default values as well as programmed user defaults.

3.14.1.12 Control

A External pilot devices shall be able to be connected to a
termnal strip for starting/stopping the VFD, speed control and
di spl ayi ng operating status. Al control inputs and outputs
w Il be software assignabl e.

B. 2-wre or 3-wire control strategy shall be defined within
the software. External relays or logic devices will not be
al | owed.

C. The control power for the digital inputs and outputs shal
be 24vdc.
D. The internal power supply shall incorporate an automatic

current fol d-back that protects the internal power supply if
incorrectly connected or shorted. The transistor |ogic outputs
Wil be current limted and not be damaged if shorted or excess
current is pulled.

E. Al'l control |ogic connections shall be furnished on a
termnal strip separate from power wring.

F. There will be 2 software assignable analog inputs. The
anal og inputs will be software sel ectable and consist of the
foll ow ng configurations: 0-20 ma, 4-20 ma, 20-4 ma, x-20 ma
(where x is user defined) 0-5 v, 1-5 v or 0-10 v. There wll be
4 software assignable logic inputs that will be selected and
assigned in the software. The selection of assignnents shal
consi st of run/reverse, jog, plus/mnus speed, setpoint nenory,
preset speeds, auto/manual control, controlled stop, term nal or
keypad control, by-pass, notor switching, and fault reset.

G There will be two software assi gnabl e anal og out puts that
can be selected and assigned in the software. The anal og out put
assignnments shall be proportional to the foll ow ng notor
characteristics: frequency, current, power torque, voltage and
thermal state. The output signal will be selectable fromO0-20 nma
or 4-20 na.
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H. A m nimum of two Form C relay output contacts will be
provided. One of the contacts will indicate AC drive fault
status. The other contact will be user assignable. There shal
be a hardware input/output extension nodule which al so provides

i nterlocking and sequencing capabilities. The nodule shall be
fully isolated and housed in a an enclosure with termnal strips.
The nodule will add 4 logic inputs, 2 analog inputs, 2 relay

out puts and one analog output. Al of the I/OwIll be user
assignable in the software as previously defined.

| . The VF Drive door nounted control area shall include a power
ON, Drive RUN, Drive Fault Light and Hand-Of-Auto sel ector
switch with Manual Speed Potentioneter.

J. The VFD control island shall accept [%indicating anal og
met ers][obsol ete indicating digital] nmeters to display [Power,]
Amperes, |[ Vol tage,][Hertz.]

[3.14.1.13 BRAKI NG (Application Dependent Option)
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When braking certain types of |oads, there is the conversion of
ki nematic energy into electrical energy by the nmotor which is
returned to the VF Drive. Dynam c braking can be chosen to
absorb this energy and avoid causing the VF Drive to

i nadvertently shut down. The energy is dissipated across a
resistor that is connected to the Drive. For constant torque VF
Drive controllers, the dynam c braking unit nmust be capabl e of
stopping 1.5 per unit notor torque from base frequency to 0.5 Hz
wi th sensorless flux vector control node.
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A A dynam c brake resistor shall be provided and connected to
existing termnals on the VF Drive. The resistor shall nount
externally to the VF Drive enclosure. An IGBT will be provided
in the Drive to swtch excess regenerative energy to the braking
resistor. The braking resistor will be of a size calculated to
stop 6 tinmes notor inertia at 1.5 per unit notor torque.

B. Provi sions shall be provided to protect the Dynam c Braki ng
Resi stor agai nst overl oad and overcurrent due to Dynam c Brake
switch failure. This protection nmust be resetable w thout

repl acenent of fuses or other devices.]

3.14.1. 14 Isol ation/Bypass Contactors (Automatic)

The VFD shall include an isolation and bypass contactors conpl ete
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with thermal overload relay, circuit breaker disconnect
interlocked with the door, control circuit transforner, notor
flux decay timer and VFD OFF- BYPASS sel ector switch. The
operator may select for manual bypass by setting the switch in

t he BYPASS position or automatic bypass by setting the switch

in the VFD position. In the VFD position the VF Drive wll

provi de vari abl e frequency/speed control of the notor under
non-fault conditions of the Drive. Wen the Drive is under a
fault condition the bypass contactor will be automatically
energi zed upon Drive shutdown (Drive fault contact operation) to
operate the notor, across the line, on 60 Hertz |line power and on
a full voltage non-reversing starter with overl oad rel ay.

3.14.1.15 Harnmonic Current Filtering
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The distortion factor nust not exceed 3 percent for individual
phases and 5 percent for the power systemused to supply the VFDs
and other |loads. A study wll be required if the conbination of
har noni cs on the power system and those generated by the VF
Drives could produce unacceptabl e aberrations on the power

system Provide either an isolation transforner of adequate size
or reactors of mninmm 3% per unit inpedance, on the primary of
the VF Drive to act as a buffer and reduce the current harnonics
that are fed back into the electrical supply power system

Further designer directions for harnonic analysis can be found in
TM 5-811-13 "Standards and Hi gh-Efficiency Mdtors and
Control |l ers" Chapter 2, para. 2-6(d); for direction on PFC
Capacitor Application on notors with VF Drives, refer to para. 4-
7(4). Capacitors will not be installed on the notor side of the
VF Drive.
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[A. A harnonic analysis shall be perforned by the VF Drive
manuf act urer base upon system docunentati on consi sting of but not
l[imted to one-line diagranms and specific distribution
transfornmer information consisting of KVA, %, and X/ R data. The
anal ysis data shall consist of but not be limted to total
harnoni ¢ voltage distortion and total current.]

B. [Line reactors][an isolation transformer] shall be provided
in a stand-al one NEMA encl osure for nmounting separately fromthe
VF Drive. [Line reactors shall be of m ninum 3% per unit

i npedance, and may be provided integral to the VF Drive. Al
line reactors, integral or external type, shall be provided by
the VF Drive manufacturer as a part of the VFD package. ]

[C. The isolation transfornmer shall be of adequate size with
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full capacity taps 4-2.5% 2+ 2-, to provide voltage change if
necessary to match the notor drive voltage requirenments. The

i solation transforner shall provide an isolated secondary w ndi ng
whi ch shall be grounded to a separate isolated building ground
point, in order to insure that AC Drive "noise" is not coupled
back into the Line side of the service primary system and affects
ot her equi pnent connected on the Line side. The isolation
transforner shall provide reactive buffer to ease the rate of
current change in the solid state swtching el enents contained in
the VF Drive. The wi ndings shall allow for additional heating as
a result of eddy current loss in the transforner w ndi ngs
carrying harnonic currents. Core design shall feature reduced
flux density to prevent core saturation effects as a result of
vol t age waveform di storti on caused by harnonic currents.]

3.14.1. 16 Executi on

A The contractor shall not install the VF Drive(s) until the
bui I di ng environnent can be nmaintained within the service
conditions required by the manufacturer. Before and during the
installation, the VF Drive equi pnment shall be protected fromsite
contam nants. Installation shall be in conpliance with

manuf acturer's instructions, draw ngs and reconmendati ons.

B. The Contractor shall provide a manufacturer's certified
technical representative to supervise the contractor's
installation, testing and start-up of the VF drive(s) furnished
under this specification for the m ni num nunber of days required
for the technical representative to approve the installation and
operation of the AC Drive. |In addition, the manufacturer’s
techni cal representative shall provide training to the User's
personnel .

C. Six nmonths after start-up, the contractor shall provide a
manuf acturer’s certified technical representative to make a one-
day site visit to inspect the VF Drive(s) and accessori es.

3.14.1.17 Training

An on-site training course of 3 training days shall be provided
by a certified representative of the VF Drive manufacturer to the
User's plant and/ or mai ntenance personnel. The training course
shal |l include VF Drive nodel brochures, and troubl eshooting
manual s that describe accurate procedures to follow for

mai nt enance personnel to quickly isolate a cause for Drive
failure.
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